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(54) HARD FILM 

(57)Abstract ^ 

PROBLEM TO BE SOLVED: To prepare a hard film superior in wear resistance to an '(AI.TiJ('N,C) type film, which has 
the most excellent wear resistance among the conventional TiN film, TiC film, TiCN film, and (Al,Ti)(N,C) type film, and 
having wear resistance capable of meeting the demand for high speed cutting. 

SOLUTION: This hard film has a composition represented by (All''yXy)Z, where X and Z mean one element among Cr.'N^ 
V, and Mg and one element among N, C, B. Cn^BN. and CBNT^respectively, and 0<y≤0.3 is satisfied. " 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.4°M°*' shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It consists of the compound nitride, the compound carbide, the compound boride. the compound charcoal 
nitride, the compound nitride, the compound charcoal bonde. or compound boride of aluminum and X (a kind 
of X:Cr, and V and Mg), and the composition (aluminum1-yXy) of aluminum and X 

However, the hard anodic oxidation coatings characterized by consisting of composition shown by kind 0<y<=0.3 of 
X:Cr, and V and Mg. 

[Claim 2] a thickness — 0.1-20 micrometers it is — hard anodic oxidation coatings according to claim 1 

[Claim 3] The hard anodic oxidation coatings according to claim 1 or 2 formed in the front face of a cemented carbide 

or a high speed tool steel. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention belongs to the technical field about a hard anodic 
oxidation coatings suitable as a wear-resistant tool metallurgy type hard anodic oxidation coatings especially used for a 
manipulation of a cutting, a piercing, etc. about the hard anodic oxidation coatings excellent in abrasion resistance 
in detail about a hard anodic oxidation coatings. 
[0002] 

[Description of the Prior Art] When manufacturing wear^resistant members, such as a cemented carbide (WC-Co 
system sintered alloy) or a high speed tool steel, forming the wear-resistant coat which becomes the base-material 
front face of these members from a metaled nitride and metaled carbide is performed for the purpose of having excelled 
performances, such as abrasion resistance, more. 

[0003] As such a wear-resistant coat, it is TiN. Coat TiC coat is used widely and it is formed by the ion-plating method. 
The endurance with this higher TiN TiC coat is shown. Coat It is TiN if TiC coat is compared. Coat It is TiC. although 
TiC coat is excelled in thermal resistance (elevated-temperature oxidation resistance) and the function protected from 
the crater of the tool rake face which carries out a temperature up with the temperature increase by plastic working 
and frictional heat at the time of cutting is demonstrated. Compared with a coat, since it is a low degree of hardness, to 
the flank wear generated in the flank which touches **-ed material, rather, it is brittle and a flank wear is Then, 
recently [ both ], the hard anodic oxidation coatings of TiCN which suppresses a crater and a flank wear is put in 
practical use. 

[0004] By the way. in connection with the laborsaving. energy saving, and the enhancement in a productivity in a 
cutting process, much more improvement in the speed of a cutting speed is demanded, and it is in the status that deep 
cuts of a high slitting or high delivery are performed in recent years. Thus, since a cutting conditions is in the 
inclination more made severe, it is the above TiN. A coat and TiC It has become impossible that it can finish responding 
to this request in a coat and TiCN coat. Namely, TiN A coat and TiC When the cutting tool which has a coat or TiCN 
coat performs a high speed cutting, when Ti in a coat oxidizes at an elevated temperature, a coat deteriorates and wear 
is very intense. 

[0005] Then, it is TiN as a hard anodic oxidation coatings which was more excellent in abrasion resistance. TiC To 
TiCN, or Ti, N and C To add the 3rd of an except and the 4th element is tried. The compound nitride of Ti and aluminum 
which adds aluminum as the element [(aluminum, Ti )N]. The hard anodic oxidation coatings (henceforth, these are 
named generically and it is called a system (N (aluminum, Ti), C) coat) which consists of compound carbide [(aluminum, 
Ti )C] or compound charcoal nitride [ (aluminum, Ti) (N, C)] is proposed (JP,4-53642,B, JP.5-67705.B). In order to 
improve thermal resistance (elevated-temperature oxidation resistance) and a degree of hardness, aluminum is added, 
aluminum oxidizes alternatively at an elevated temperature, this (aluminum, Ti) (N, C) system coat turns into a 
protective film, and prevents oxidization of the coat under this coat, and, thereby, its thermal resistance is improving. 
However, it is TiN at 800 grade. A coat deteriorates like the case of a coat, therefore it is unsuitable to the high 
speed cutting said that edge-of-a-blade temperature becomes 1000 degrees C or more, and cannot correspond to it, 
but the hard anodic oxidation coatings to which it has improved the performance (especially abrasion resistance) 
further since the degree of hardness of a coat is not not much high, either, about 2500 Hv and is needed. 
[0006] 

[Problem(s) to be Solved by the Invention] For this invention, it is made paying attention to such a situation, and the 
purpose is the aforementioned conventional TiN. A coat and TiC The trouble in a coat, TiCN coat, and a system (N 
(aluminum, Ti), C) coat tends to be canceled, and it is going to offer the hard anodic oxidation coatings which excelled 
the system coat which is most excellent in abrasion resistance in the coat of these former (N, C) (aluminum. Ti) in 
abrasion resistance. 
[0007] 

[Means for Solving the Problem] In order to attain the above-mentiohed purpose, the hard anodic oxidation coatings 
concerning this invention is used as the hard anodic oxidation coatings according to claim 1 to 3, and it is taken as the 
following configurations. 

[0008] That is, a hard anodic oxidation coatings according to claim 1 consists of the compound nitride, the compound 
carbide, the compound boride, the compound charcoal nitride, the compound ^MoMc nitride, the compound charcoal 
boride, or compound **** boride of aluminum and X (a kind of X:Cr, and V and Mg), and the composition 
(aluminuml-yXy) of aluminum and X 

However, it is the hard anodic oxidation coatings characterized by consisting of composition shown by kind 0<y<=0.3 of 
X:Cr. and V and Mg. 

[0009] a hard anodic oxidation coatings according to claim 2 — a thickness — 0.1-20 micrometers it is — it is a hard 
anodic oxidation coatings according to claim 1 A hard anodic oxidation coatings according to claim 3 is a hard anodic 
oxidation coatings according to claim 1 or 2 formed in the front face of a cemented carbide (WC-Co system sintered 
alloy) or a high speed tool steel. 
[0010] 

[Embodiments of the Invention] The hard anodic oxidation coatings concerning this invention is obtained for example, 
by the sputtering method etc. This hard anodic oxidation coatings has the aforementioned **** composition, and is 
excellent in thermal resistance (elevated-temperature oxidation resistance), and excels the system coat the degree of 
hardness excels [ coat ] in abrasion resistance most in the conventional coat highly therefore (N, C) (aluminum. Ti) in 
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abrasion resistance, and has the abrasion resistance which can correspond in the case of a high speed cutting. 
[0011] This detail is explained below. 

[0012] It is supposed that the aforementioned conventional system (N (aluminum. Ti). C) coat proposed since it 
corresponds to deep cuts of much more improvement in the speed, a high slitting or high delivery of a cutting speed, 
etc.. etc. has comparatively good abrasion resistance. It is thought that it is based on thermal resistance 
(elevated-temperature oxidation resistance) improving since the oxide film formed of alternative oxidization of 
aluminum turns into a protective film, and a degree of hardness rising as the ground. However, since it will be in the 
very hot status in the case of a high speed cutting. Ti also oxidizes, a coat deteriorates, the protection nature of a coat 
is lost, and wear becomes intense, then, the thing which eliminated TI — namely, — AIN coat and AlC Although it will 
be thought that it is good if it is made a coat and AlCN coat (these are named generically and it is henceforth called 
aluminum (N, C) system coat) AIN aluminum of a grade (N. C) As a hard anodic oxidation coatings used for a tool, it is 
soft, and crystal system is usually hexagonal system, therefore a degree of hardness is as low as about 1000 Hv. and it 
is [ a system coat has very low abrasion resistance, and ] inadequate. 

[001 3] then, AIN etc. — aluminum (N, C) As a result of adding various elements and evaluating a coat performance, 
thermal resistance (elevated-temperature oxidation resistance) and a degree of hardness improve [ therefore ] by 
carrying out specified quantity inclusion of a kind (henceforth, X) of Cr. V, and Mg. Abrasion resistance can improve 
rather than the conventional system (N (aluminum, Ti). C) coat, it can have now the abrasion resistance which can 
correspond when rt is a high speed cutting, and it turns out that it is good for X occupied in aluminum and X to carry 
out the content of this X comparatively, and to make it less than [ 30at% ]. About the cause of the enhancement in the 
thermal resistance by addition of such X (namely, a kind of Cr, V, and Mg). and a degree of hardness the **** 
valence-electron distribution reported about the compound carbide [:(Ti, Nb) C] of Ti and Nb etc. although it is not 
clear, and relation (Su-rface and Coatings Technology and 33 (1987) 91-103) of a degree of hardness It is thought that 
it is based on change of the crystal system to cubic system from hexagonal system. 

[0014] this invention is made based on such knowledge, the hard anodic oxidation coatings concerning this invention 
consists of the compound nitride, the compound carbide, the compound boride, the compound charcoal nitride, the 
compound ^M^M" nitride, the compound charcoal boride. or compound toiaMc boride of aluminum and X (a kind of X:Cr. and 

V and Mg) like the above, and the composition (aluminuml-yXy) of aluminum and X 
However, it is made to consist of composition shown by kind 0<y<=0.3 of X:Cr. and V and Mg. 

[0015] The time of setting a kind of this hard anodic oxidation coatings, i.e., Cr, V, and Mg, to X (aluminuml-yXy) N, 
(aluminuml-yXy) the composition shown by C, B (aluminuml-yXy), CN (aluminuml-yXy), BN (aluminuml-yXy). or CBN 
(aluminuml-yXy) **** — becoming — 0< y<=0.3 it is — it is characterized by things the composition this hard anodic 
oxidation coatings is indicated to be by Z (aluminuml-yXy) here when N. C, B. CN, BN. or CBN is set to Z — 
becoming — 0< y<=0.3 it is — it is characterized by things In addition, it does not restrict that it is 1:1, but, also in the 
1 :abbreviation 1 (1 or less [ near 1 ]). is contained, for example, :(aluminum1-yXy) Z also has the case of 1:0.90. 
[0016] if it puts in another way, it is the hard anodic oxidation coatings characterized by the rate of X which consists of 
compound nitride, compound carbide, compound boride, compound charcoal nitride, compound nitride, compound 

charcoal boride, or compound boride [, i.e., (aluminuml-yXy), Z], of aluminum and X (however, a kind of X:Cr. and 

V and Mg). and is occupied in this aluminum and X being less than [ 30at% ] (0% not being included). 

[0017] Therefore, the hard anodic oxidation coatings concerning this invention is excellent in thermal resistance 
(elevated— temperature oxidation resistance) collating with the aforementioned knowledge, and excels the system coat 
the degree of hardness excels [ coat ] in abrasion resistance most in the conventional coat highly therefore (N, C) 
(aluminum, Ti) in abrasion resistance, and it turns out that it is what has the abrasion resistance which can correspond 
in the case of a high speed cutting. 

[0018] It is y of the 30at% less than, i.e.. (aluminuml-yXy). Z, excluding OX in the rate of X occupied in aluminum and X 
here 0< y<=0.3 Carrying out It is y 0.3 If it super-**s. the component (namely. AlZ which carries out a postscript) 
concerning aluminum will decrease. It is because elevated-temperature oxidation resistance and a degree of hardness 
fall, abrasion resistance falls by that cause, and it becomes inadequate, and X will not contain, but it will become 
impossible to plan wear-resistant enhancement by X addition and abrasion resistance will become inadequate on the 
other hand, if y is set to 0. 

[0019] In addition, for the aforementioned (aluminum 1-yXy) Z. the amount of AlZ components will be lessened and it is 
y to enlarge y. since it can be expressed as the l-y-(XZ) y solid solution if a solid-solution component describes (AlZ) 
0.3 If it super-4a|es. the amount of AlZ components will decrease too much, and un-arranging [ which it is called the 
above-mentioned **** abrasion resistance fall ] arises. To it, making y small will make [ many ] the amount of AlZ 
components, as a result its abrasion resistance will improve, such a point to 0< y<=0.3 ^ — although it is necessary to 
carry out, in order to improve abrasion resistance to an authenticity more — 0< y<=0.2 ** — carrying out is desirable, 
and it is so still good that y is close to 0 (however, 0 is removed) in respect of weai^resistant enhancement However, if 
y is made small too much, since the amount of XZ components will decrease too much, crystal system will change from 
cubic system to hexagonal system and abrasion resistance will become low, it is desirable to be referred to as 0.01 <=y 
from the point. 

[0020] It is a thickness 0.1 , when coating and using this hard anodic oxidation coatings for members, such as a tool by 
which wear^resistant and oxidation-resistant both are demanded, especially about the thickness of the hard anodic 
oxidation coatings concerning this invention, although not limited, mum Carrying out above is desirable. It is a thickness 
0.1 if this hard anodic oxidation coatings is uniformly coated in oxidation resistance, mum Also for the following, an 
effect is the thickness 0.1 of a certain thing, mum It is because it seldom comes to demonstrate the wear-resistant 
grant effect and it may become inadequate [ abrasion resistance ] in the following. On the other hand, it is 20 
micrometers of thicknesss. 20 micrometers since there are few wear-resistant and oxidation-resistant enhancement 
effects although a thickness is thickened in "Me, and coating time becomes long and a productivity falls It is desirable to 
make it below (hard anodic oxidation coatings according to claim 2). 

[0021] Moreover, about especially the base material coated with the hard anodic oxidation coatings concerning this 
invention, although it cannot be limited, and various base materials can be used according to intended use or need, for 
example, it can form and use for various tool base-material front faces in the field of a tool, it is desirable to use a 
cemented carbide (WC-Co system sintered alloy) or a high speed tool steel (high speed steel) as a tool base material 
(hard anodic oxidation coatings according to claim 3). It is because this invention coat has very good adhesion to 
especially a cemented carbide and a high speed tool steel. 

[0022] Coating on the base-material front face of the hard anodic oxidation coatings concerning this invention can be 
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performed by the PVD represented by the ion-plating method which ionizes a metal component by the arc discharge 
which makes a cathode an evaporation source* the sputtering method or ion-implantation, etc. When the content of the 
arc ion-plating method is explained in these, it is the metal component ionized by the arc discharge which makes a 
cathode an evaporation source N2 and CH4 Or it is made to react in the ambient atmosphere of BF3 gas or those 
mixed gas, and the base-material front face which gave bias voltage is made to carry out a deposit. Although aluminum. 
Cr, aluminum and V, or aluminum and Mg may be individually used as a cathode, respectively at this time, it consists of 
the purpose composition itself. aluminuml-yXy There are a cathode (target), then an advantage that control of coat 
composition is easy. In this case, aluminuml-yXy A composition gap of the cathode matter (aluminuml-yXy) is hardly 
produced, but moreover, vaporization is performed in a high current region A [ some dozens of ] or more, therefore it is 
[ an ionization efficiency is high, and ] rich in reactivity, and the coat which was excelient in adhesion can be obtained 
by impressing bias voltage to a base material. 
[0023] 
[Example] 

(Example 1) A cathode arc method ion plating system is used, and it is as the cathode electrode. The . target of 
aluminuml-yXy (however, X: Cr, V or Mg. y: variously change) was attached, and. on the other hand, the tool chip made 
from a cemented carbide (WC-IOSC0 system sintered alloy) was attached in the substrate (base material) electrode 
holder of this equipment as a base material. Moreover, the substrate rolling mechanism and heater for securing the 
homogeneity of the coat formation status were formed in this equipment. 

[0024] And after it impressed the bias voltage of -30V to the base material where the heating hold of the base material 
(chip) is carried out at 400 and introducing high-grade N2 gas. or N2 / CH4 mixed gas in equipment at the 
above-mentioned heater, it considers as the ambient atmosphere of 1x10-3Torr, and arc discharge is started, and it is 
5 micrometers of thicknesss to a base-material front face. Membranes were formed. Thus, composition of the obtained 
coat is shown in Tables 1-2 (No.1-33, 36-68). In this, the thing of No.1-27, and 36-62 is a hard anodic oxidation 
coatings concerning the example of this invention, and No.28 -33. and 63-68 are the coats concerning the example of a 
comparison. 

[0025] furthermore, a comparison sake — cathode (target) aluminuml-yTiy or Ti — using — such a point — removing 
— the same equipment and same technique as the above — N (aluminum, Ti) coat and TiN The coat was formed. 
Composition of these coats is shown in Tables 1-2 (No.34, 35, 69. and 70). 

[0026] Thus, the cutting examination was performed on two kinds of conditions as follows using the tool chip by which 
coat formation was carried out. The test result is shown in Tables 1-2. 

** M-ed material:S45C, cutting-speed: 170m /. and min, and feed-rate:0.25mm/rev — cutting deeply — :1mm and 
**-ed [ cutting-time:25 minute ** ] material — :SKD1 1, cutting-speed:1 50m /, and min. and feed-rate:0.2 mm/rev — 
cutting deeply — :2mm and cutting-time: — 25 minutes [0027] also has very few amounts (width efface of a 

wear width-of-face:wear part) of flank wears, and face-wear depths, and the tool chip which has the coat which starts 
the example of this invention compared with the tool chip which has a coat concerning the example of a comparison 
excels [ *" * ' ♦ '»'»■» ] in abrasion resistance very much so that clearly from Tables 1-2. 

[0028] (Example 2) the thickness of the coat which uses a platinum plate and is formed in a base-material front face as 
a base material in order to investigate the oxidation resistance of a coat — 10 micrometers ** — it carried out and the 
coat of the composition shown in Table 3 was formed except for these points by the same, same equipment and same, 
same technique as an example 1 In this, the thing of No.71 -76 is a hard anodic oxidation coatings concerning the 
example of this invention, and No.77 -84 are a coat concerning the example of a comparison. 

[0029] Thus, about the platinum plate by which coat formation was carried out, in order to investigate the oxidation 
resistance of the coat, thermobalance equipment is used, and it is flow rate:150cc of temperature-up domain:room 
temperature -1200 degree-C, programming-rate:10 degrees C /, min, controlled-atmosphere:dry-air, and controlled 
atmosphere/min. The oxidation test was performed on conditions. And the temperature in the rapid point produced in a 
temperature-up process increasing [ weight ] was determined as oxidization start temperature, and it asked for it. The 
result is shown in Table 3. Moreover, the Vickers hardness (50g of loads) of a coat was measured. The result is written 
together and shown in Table 3. 

[0030] the coat which starts the example of a comparison so that clearly from Table 3 — TiN the coat which is about 

600 ^ and starts the example of this invention in a coat to oxidization starting by about 800 in N (aluminum, Ti) 

coat — yes, oxidization start temperature of **** is high and it is excellent in elevated-temperature oxidation 

resistance 

[0031] 

[Table 1] 



3/6 



2002/01/07 11:44 



http://www4.ipdl.jpo.gojp/cgi-bin/tran_web.cgi.ejje 



No 



mm 



(ma) 



Cm ) 



1 Ul» ,.Cr,. ,)N 

2 {Al» ,.Cr, ,)N 

3 {AU.7,Cr.. ,.^N 

4 (AU n.Cr,. ijB 

5 C.AU «.Cr, ,jC 

6 (AU ...Cr, ,)« 

7 (Al». ,.Cr.. .)>JB 
B (.AU. 8.Cr,. »:iBC 
9 (Al». ».Cr,. .JNCB 



10 
11 
12 
13 
14 
15 
16 
17 
18 



19 
20 
21 
22 
23 
24 
25 
26 
27 



S45C 



0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 



0 5 
0 4 
0 5 
0 7 
0 6 
0 4 
0 7 
0 8 
0 6 



6 
5 
6 
8 
4 
5 
6 
3 
3 



(Al» 
(AU 
(AU 
(.AU 
(AU 
(AU 

(Alo. 8* 

(AU. 
(AU 



V,. , jN 
v.. ,jN 
V,. ,)N 

V,. :)B 

V,. ,:ic 

v.. t)K 

v.. ,}m 



S45C 



0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 



7 
6 
7 
6 
6 
5 
8 
7 
4 



(AU. 

(AU. 
CAlo. 
CAU. 
(AU. 
(Mi,. 

cy.. 

(.<VU. 



9. Mgc. »,>N 
T.Mgc. j,>N 

,.Mgc. ;:»c 

..Mgc. .>NC 

..Mg6. :)NB 

i.Mgc. 
■>Mgo. 



S45C 



>MC8 



0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 



0 
7 
8 
9 
8 
5 
6 
7 
4 



28 
29 
30 
31 
32 
33 



Cy«. .,Cro. 4)N' 
C.y.. ,.C.ro. ON 
CM.... Vo.-4)N 
(.AU. 4. Vo. «)N 
CAU. ..lis.. 4 )N 
(.^U 4. Ms.. .)N 



$450 



1 6 
I 7 
I 7 
1 8 
1 9 
20 



1 9 

2 1 
2 2 
2 3 
2 5 
2 6 



3^1 



TiN 



S45C 



0. 1 5 



I 8 



(AU. srTU. »>N 



S45C 



0. 1 0 



I 2 



[0032] 
[Table 2] 
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No 



mm 



(nm) 



(.ua ) 



(AU. 
(AU. 
(Alo. 
(,A1,. 
(.Al» 
(.Alo. 
(Alo. 
(Al». 
(Alo. 



(Al 
(.Ah 

au 

(AU 
(Alo. 
(Alo. 
(Alo. 
(.Alo 
(Alo. . 



(.Alo. 
(Alo. 
(Alo. 
(Alo. 
(Alo. 
(Alo. 
CAlo. 

CAlo. 



Crt. 

Cr,. ,)N 
Crc. s)N 
Crc. 2)B 
Crc. i)C 
Crt. j.)NC 
Cro. ,)NB 
Cro. t>BC 
Cr*. ,;NC8 



0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 



V,. }H 
Vo. i)N 
Vi. ,>N 

Vc. 4c 

Vc. t)NC 
Vc. 2>MB 
Vo. i >BC 
Vo. ..'MC8 



SKDll 



0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 



Kgc. :,>N 
Mgo. .>N 

Mgo. z)ti 

Mgo. .)B 
Mbo. .)C 

mo. ,)m 
Mg.. ,m 

M84. 1)80 
Mgo. 



SKDll 



0. 
0. 
0, 
0. 
0. 
0. 
0. 
0, 
0. 



8 

7 

8 

8 
6 
7 

9 
7 



8 
9 
0 

<) 
9 
7 
8 
9 
6 



(Alo. « 
(Alo. • 
(Alo. . 
(Al,. , 
{Mo. . 



Cr,. i)H 
VV .)N 

M8«. ;.'iN 

Ng.. <.)N 



SKDll 



0. 
0. 
0. 
0. 
0. 
0. 



69 



TIN 



SKDll 



0. 5 0 



70 



CAl, Ti) N 



2 5 



SKDU 



0,4 0 



1 8 



0033] 
iTable 3] 


No 




Sit 
CO 


CHv) 




7J 

72 
73 
74 
75 
76 


CAlo. ,.Cro. ,)N 
(Alo... V(..s)M 
CAlo. ..Mgo. )N 
(AU. ..Cfv. i)m 
CAU. Vr.. ,.>NB 
(AU. o.Mgc. 5)BC 


10 5 0 
10 0 0 
10 0 0 
9 5 0 
9 0 0 
9 0 0 


3 2 0 0 
3 0 0 0 

2 8 0 0 

3 5 0 0 
3 10 0 
3 2 0 0 




77 
78 
79 
80 
8) 
82 


WU. 3. Cro. 4)N 
(AU z. Vo. 4;M 
CAU. ..Kgo. 4)N 
(AU. ..Cro. *m 
CAU.1. Vc.ONB 
(AU. «.MSo. 4)BC- 


7 0 0 
6 5 0 
6 5 0 
6 0 0 

5 5 0 

6 0 0 


2 10 0 

18 0 0 
15 0 0 
22 0 0 
2 0 0 0 

19 0 0 




83 


TiK 


6 0 0 


20 0 0 




84 


(Al. Ti) N 


8 0 0 


25 0 0 



[0034] 

[Effect of the Invention] The hard anodic oxidation coatings concerning this invention is excellent in thermal resistance 
(elevated-temperature oxidation resistance), and its degree of hardness is high. The sake. The conventional TIN A coat 
and TiC The system coat which is most excellent in abrasion resistance in the coat, TiCN coat, and the system (N 
(aluminum. Ti). C) coat (N. C) (aluminum, Ti) is excelled in abrasion resistance. It has the abrasion resistance which can 
correspond in the case of a high speed cutting, therefore can use suitably as a hard anodic oxidation coatings of the 
tool base material for high speed cuttings. It can use suitably as a wear-resistant tool metallurgy type hard anodic 
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oxidation coatings which can attain now much more improvement in the speed of a cutting speed, and is used for a 
manipulation of a piercing etc., and the effect that enhancement in the tool performance metallurgy type performance 
by those wear-resistant enhancements and enhancement in a life can be aimed at now is done so. 



[Translation done.] 
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(54) mm<D^mi mnikm 



(57) [M^l 

[^jg] t^f3^0TiN ^flg. TiC TiCN^^. (Al, 

Ti) (N . c) 7h&ff^<D^^'^mhmm^\^mthx\r ^ 5 (ai .t 

( Ali-y Xy ) Z-X^^^tl^m^t^htS:^ ^ 0<y^0. 

3 -ch^:it^nmt^^mn^m. 



(2) 



112 7 



[lt*^l] Al^X (X:Cr. V. MgO-S) (D^-^ 

mm. m^mm. m-^n-^^im. m-^^mim. m 

( All-y Xy ) 

0<y^0. 3 

[0 0 0 1] 
[0 0 0 2] 

[00 0 3] ti^t^^Wm^^mt LTti. TiN ^fli^ 
i--5^. TiN jSmn TiCiSflMi: t>14«^<* (iSiai^S&^b 

M»-t-5dv Tic jSflitcit-<Ti£^S"Cfc^fci?>. 
x^^mmxh^^ yviy^mm^n\^x\t, Tic^saio;^ 

TiCNjSl^•e^lrolfa^c:^s^%n>^<*oTv^5o fin 

TiN .Sm. TiC ;SHlXOTiCNJ^II^^-r^«I^'JXj. 

[0005] J: t)»e^^-a^^^^elSS)ei: 

LT. TiN -^TiC ^l>tiTiCN{m. N . C i^^<Z)m 3 . 



fb^fel C(Al.Ti)N) . ^^mt^ C(AlJi)C] *V^^1^|'^ 
jK^ib^fe) [(AlJi)(N.C)] X^^ili^^WAm («P^. C 
b S^^S-^ L r (Al.Ti) (N . C) mSim t V > 5 ) ^ tt 

m o wCO(Al.Ti)(N.C)^^Mii. HS&ii (iftiaWK^b 

m xtj^WiS*r63±i-5^«>t-Ai^^^DLfct<D-c^ 

'CV^-5« L;0^L?id5^. 800 'CMSTTiN &m<om^ t 
mm^&Wi'^'^itX.s ^(OtL^sb^ ^5feiaSdM000*CJeJl± 

-f. S^<D?iSt>Hv2500SSi:fc*i9fi5<H*V>:ti^>. 
[0 0 0 6] 

TiN jSflS. TiC j^^. TiCN^Sfli. (Al.Ti)(N.C)*jSm-C 
^i(cffittTv^^(Al.Ti) (N.O^J^^J: 0 tBSSi^iiJ-flE 

[0 0 0 7] 

So 

[0 0 0 8] ip-t>^ If IfS^cD^f S&^tl. Ali:X 
(X :Cr. V. Mg<^-«) (OWi^mit^. ^^^it!^. 

m-^^^^^im. m^mmim. m-^n^^mm. m^m 
n^^^imii±nm'^^m^^^imxy)i^y). ^oai^x 

( All-y Xy ) 

fib. X :Cr. V. MgO-a 
0 < y ^ 0. 3 

X7ik^ti:^mf&:^^ib^j:^^t^<^mti-^mn&mx;h 

[0 0 0 9] IS^^^iI 2 fE«tC7D5f gjg^H. mmf)^OA — 
20 Mm -C^5t»5ft«ll£Sc05j|®^Mt:^*>5o f»*3S3 

[0010] 

X. ^S:55^<. ^<r>fi^^ '<&^(om^(D^XML%^ 
^mW^\^^^X\^^^{k\ Jx) (N.O^JS^J: 19 tffi^J^« 

So 



(3) 



#^^9-4 112 7 



[ 0 0 1 1 1 z,(Dnm^^T^m'r^o 

[0 0 1 21 mnmm<o-m(ommit'^^m^^^^^^^ 

-twT. Ti^tlNI^L^tO. gnt> AINjSIR. AlC JSl^. 
AlCNJSa rn^^i^ir^LT A1(N.C)^J^«I^V> 

9) {c-T'S^ J:v>t%;tbtb^;6^. AIN ^OAl(N.C) S 

[0 0 1*3] -^r-C. AlN ^<OAl(N.C) \^^^^5tm^ 
X) ^0f^S#^'r5r.ttCi:«9. 14^ti (i^ 
Ti)(N.C);^S)iSJ:»9t>WSSfti4d5rfi]_bL. SiS^S'JcD^i 

fij-g^^ UT30at%JEXTt-"r5i: td5ip;&^o7to - 

TiirNbOlS'g'mkJK? C: (Ti.Nb)C3 ^t-ovxT^^ 
$i^TV^-5$^t^ffimT-5^^t5f;tt^g|#^ (Su-rface and 
Coatings Technology. 33 (1987) 91-103) T^Z^S 

[0 0 14] ;*:^PJti7:>>;^>5^1.{-S<5^7i^tb7tt>o 

xh^^ :^^m^m^^^n^m\^. i^^^(on<. ai^x 
(x :Cr. V. Mg(Z)-«) (om^mm. m^mim. 
m^^^^im. m^mmm. m^^^^mim. 

( All-y Xy ) 

mL. X :Cr. V. MgO— « 
0<y^0. 3 

-C :^ $ tb 5 d ^ ^ -5 J: 9 I - U r V N 5 o 

[0 0 151 :i(DnW^mn. Cr. V. Mg<D~m 

^XtL±tt. (All-y Xy ) N. (Ali-y Xy ) 

( All-y Xy ) ( All-y Xy ) CN. ( Al 

i-y Xy ) BN. Xn. ( All-y Xy ) C B N "Ctj^ ^ 

t)0"ei5 5o :iw"C. N. c. b. cn, BNxtics 

N^Zi:-t5<t. ^(D^n&m^-X. ( All-y Xy ) ZX 
0 < y ^0. 3 C i: $r1#m 

i:-f-5 t<30-^*)6o ( All-y Xy ) : ZH, 1:1 



x;h^tnmh'r. i i^^i (l^;li^v^lJeJlT) cos-g- 

[00161 Ali: X (fa L. X : Cr. V. 

m-^m^^-^im iWh ( All-y Xy ) Z] XK^tj:^^ 
Z (DklRXTX ^ ife 5 X (OWl'^t^ 30at%JWT ( 0 % 

[0 0 171 titor. ^^^BJt;i#.5?j!^JSflgti. ftifs^ 

Xh^:Ltti^i:>f)^^o 

[0 0 181 kmXJ^X^\Z^i^:bX(D^\^^0 
%^^<30at%i^T^ Ent> ( All-y Xy ) ZX<Dy^O 
<y^0.3 i:Lri>5cot±. y SrO, 3 jgir-f^ AlJ^i 
(gp-^^IE-r^AlZ) f)^<i^fj:<fs:^. ^mMm 

^t^Rx^mmmT\^. ^tivi^ix^mm^i^i^^i&rL^x 

^^^tfs:^. — y$:0 i:-t-5i:X;55-^W$n-f. 
t ?i 5 d> -C^ 5 o 

[0 0 191 i^, mriE ( Ah-y Xy ) znmmi^^^x 
lEai-rntf (Aiz)i.y - (xz) ymm»tmm.x^^ 

(OX^ y^i^^ <'t^:ztmizf&^m^<>^j:<'r^:z 
t\z/s:y)s mt't^tklZf&^m:^^<}^ti:<fJ:0 

T^-So ^n{;iWb. y^^h^<i~b:itmiz^^& 

irlCTiSo f>^f)>^J^^fi^^. 0<y^O,3 -5ie:^Sd5*!> 

0.2 t't^^tf)m^\^<. Miwfiytio (muo^K^ 

[0 0 2 01 :^mn\z.^^hmw&B:<omM\^^\^^xn^ 
;65s^Lv\ ^nti. mm\:.^\^^^^x\^m^w&mt^ 

ti^-Stji^^o. ^0.1 MID ?feS|-Ctii»*^t4f+-^^m 
Bgtt;05*>5:0^b-c?fc6o — ai¥20MiD ^Ttl^i^^ 



(4) 
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(-*3 V > TS ><r <0 X ® L r ffl I ^ 5 

r t^d^-ct^d^. X:^S«-^ UTH^^i-a'^ (WC^Co 

10 0 2 2] :^^m\z.^.^mMJ&ll^<omUmM^(0:=t^ 
5i'^N2. CH4 XtiBF3>tf:^^v^ti^ttb<0^'g^;^;^<D# 

r. Ai^rv. xn. Mtug^'trh^thmmi^i^mx.x i> 

J:v^^^ BKiJifl^'totcoA^fj*^ Ali-y Xy ^;?7y— 
^:g't?*>'5i:V^9?IJ,^.dS*,^o COP^-a-s Ali-y Xy (O 

tfy-vm'^ ( Aii-y Xy ) (^m^-ftbt^a^^if^c-f. 

[0 0 2 3] 
I^JSt^iJ] 

S^e^fflv\ ^0;*7 y-Kmi^ <tLT Ali-y Xy ({0 

X:Cr. VXtiMg. y : a>«r^<|:) CO^— 

^«9f+»t. tmm.<om^ {mm ii^)\^^-\z.w^ 

[00 24] ^LT. ±l5t-^tCj:o-CSW (^-y 

zf) ^400 't:{;i^iD^{^^L^^^-t?S«-t^-30V<:o/N-r 

'&;</;^Sr#AUfc±-ei X10-3TorrO#IS^t U 

fz^ z,(ox.oi^i^xnibtifc&m(DmfiSL^mi-2 cn 



0.1—33. 36'-'68) Cl^-t-o No. 1—27. 36-62 

<OtOH;*:^0^co||ffi«?»Jtc:^555M>Sfli'C*>t). No, 28 
—33. 63-68HltS5Wt-«5-SflI-Cfe5o 

[0 0 2 5] Stc. lt«<7>yi:66. ;<7y-K 

h) All-y Tiy X^iTi*fflV^, .^.^f^is 1.^ t 

i:mf$.i.tio 'ttih&m:o:>m^^mi^2\z.7sk-t (No.3 

4. 35, 69, 70)o 

[0 0 2 6] Z(DX^{^LX&^ji5i^tltlJlMr^^yZf 

t^BMSm^r* 1 - 2 tc^-To 

® S^NUW : S45C. : 170m/min. itffi : 0. 

25mm/rev. « ii^ : 1 mm. ^ftiJ^Fal : 255> 
® SH'JWiSKDlK -^fiUiSS : 150m/nin. iHtJiSS : 0. 
Zmm/rev . ^ »9 : 2 mm. ^^ijBtra^ : 255> 

[0 0 2 7] mi--2f)>ibmhfi^^j:x^\c^ tt&m\cw^ 

^^m^^-r S X y fcfc-<r oHlfeCT 

[0 0 28] (HffiM 2) Jffiflg<^?lt»{hf^$rp'<55t«) 

j*U:to r<^^. No. 71 — 76Ot^(;0H;*:^P^<D^JS^Jtc 
[0 0 2 9] :lOJ:5^cLTJ^^?FM^t^7te^^5{^:o 

fflV>-C#iS.ffiH : ^M— 1200*C. ^mMJS. : ICTC/min. 

: #H^;^;=^0«tS : 150cc/min 

[0 0 3 0] ^3?!)>t>WPj;5^*J:5t;i. it^mi^m^S: 

(0 0 3 1 1 

[^1] 



(5) 
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No 



mm 

(mm) 



Cum ) 



1 (Alo. ..Cr,. ,)N 

2 (Alo. g.Cro. i)N 

3 (Alo. 7,Cr<,. »)N 

4 (Alo. s.Cro. 2)B 

5 (Alo. »,Cro. »)C 

6 (Alo. «.Cro. 2)NC 

7 (Alo. «.Cro. i)NB 

8 (Alo. s.Cro. 2)BC 

9 (AU. ..Cro. 2)NC8 



10 
11 
12 
13 
14 
15 
16 
17 
18 



19 
20 
21 

22 
23 
24 
25 
26 
27 



CAlo. 9. 

(Al.. 

(Alo. 7, 
(Alo. 8. 
(Alo. 8. 

(Alo. 

(Alo. e. 

(Alo. 

(Alo. 



Vo. 
Vo. 
Vo. 

Vo. 
Vo. 
Vo. 
Vo. 
Vo. 
Vo. 



(Alo. o.Mgo. 
(Alo. o.Mgo. 

(Alo. T.Mgo. 

(Alo. o.Mgo. 
(Al 0. «. Mgo. 
(Alo. o.Mgo. 
(Al 0. 0. Mgo. 
(Alo. o.Mgo. 
(Al,. o.Mg.. 



S45C 



0. 
0. 
0, 
0. 
0. 
0. 
0. 
0. 
0. 



)N 

)N 

)N 

)B 

)C 

)NC 

)NB 

)BC 

)NCB 



S45C 



0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 



0 8 
0 4 
0 3 



)N 

)N 

)B 

)C 

)NC 

)NB 

)BC 

)NCB 



S45C 



0. 
0. 
0. 
0. 
0. 
0, 
0. 
0. 
0. 



0 8 
0 6 



6 
5 
6 
8 
4 
5 
6 
3 
3 



7 
6 
7 
6 
6 
5 
8 
7 
4 



6 
7 
8 
9 
8 
5 
6 
7 
4 



m 



28 
29 
30 
31 
32 
33 



(Alo. «, Cro. 
(Alo. 4. Cr,. 

(Alo. 0. Vo. 

(Alo. 4. Vo. 

(Alo. o.Mg.. 
(Alo. 4.Mg.. 



)N 
)N 
)M 
)N 
)N 



S45C 



0. 
0. 
0. 
0. 
0. 
0. 



1 8 

1 9 

2 0 



34 



35 



TIN 



S45C 



0. 1 5 



1 8 



(Alo. ..Tio.4)N 



S45C 



0. 1 0 



1 2 



[0 0 3 2] 



(6) 
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No 



mm 



mm 



(jm) 



(/zm ) 



36 
37 
38 
39 
40 
41 
42 
43 
44 



45 
46 
47 
48 
49 
50 
51 
62 
53 



54 
55 
56 
57 
58 
59 
60 
61 
62 



(Al 
CAlo 
CAlo. 
(Alo. 
(Alo. 
CAlo. 
(Alo. 
CAlo. 
CAlo. 



0. 9 

a 

7 
8 
ft 

a 

8 
8 



CAlo. 9 
CAlo. 8 
CAlo. 7 
lo. 8 



CAlo. 8 
CAlo. 8 

CAlo. 

CAlo. e 



CAlo. 8 
(Alo. 8 
CAlo. 7 

CAlo. 
CAlo. 
CAlo. 
CAlo. 
CAlo. 
(Alo. 



Cro. 
Cro. 
Cro. 
Cro. 
Cro. 
Cro. 
Cro. 
Cro. 
Cro. 



.)N 
,)N 
,)N 

2)B 

,)C 

.)NC 

.)NB 

,)BC 

,)NCB 



SKDll 



0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 



Vo. ,)N 
V,. ,)N 
V«. ,)N 
Vo. i}B 
Vo. ,)C 
Vo. ,)NC 
Vo. 2)NB 
Vo. 23BC 
Vo. ,)NCB 



SKDll 



0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 



Mg«. .)N 
Ng«. ,)N 
Mg,. ,)N 
Mgo. i)B 
Wgo. .)C 
Ngo. ,)NC 
Mgo. ,)NB 
Mg«. i)BC 
Mg«. >)NCB 



SKDll 



0. 
0. 
0, 
0. 
0. 
0. 
0. 
0. 
0. 



8 
7 
8 
9 
8 
6 
7 
9 
7 



9 
8 

1 0 

1 1 



1 



8 
9 
0 
9 
9 
7 
8 
9 
6 



m 



63 
64 
65 
66 
67 



CAlo. 8 
CAlo. 4 

CAlo. 6 
CAlo. 4 

CAl 



0. « 



CAlo. 



Cr». 4)N 
Cr,. .)N 
v.. «)N 
V4. ,)N 
Mg*. 4)N 
Mg>. •)K 



SKDll 



0. 
0. 
0. 
0. 
0. 
0. 



6 5 

7 0 
7 0 

7 5 

8 0 
8 5 



69 



70 



riN 



SKDll 



0. 6 0 



2 5 



(Al. Ti) N 



SKDll 



0. 4 0 



1 8 
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(7) 
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Nn 




CO 


(Hv) 


rrta J 


71 
72 
73 
74 

(0 

76 


CAlo. ..Cro. »)N 
CAlo. a, Vo. ON 
CAlo. o.Mgo. i)N 
CAlo. 8, Cro. 2)NC 

Vnlo. a* Vo. J71ND 
CAlo. a.Mgo. s)BC 


10 5 0 
10 0 0 
10 0 0 
9 5 0 
Q n n 

O Kl U 

9 0 0 


3 2 0 0 
3 0 0 0 

2 8 0 0 

3 5 0 0 

3 2 0 0 


m 


77 
78 
79 
80 
81 
82 


CAlo. 6. Cro. «)N 
CAlo 8. Vfl JN 
CAlo: e.Mgo. i)N 
CAlo. 6. Cro. 4)NC 
CAlo. 8. Vo. .)NB 
CAlo, o.Mgo. 4)BC 


7 0 0 
6 5 0 
6 5 0 
6 0 0 

5 5 0 

6 0 0 


2 10 0 

18 0 0 
15 0 0 
2 2 0 0 
2 0 0 0 

19 0 0 


nam 


83 


TIN 


6 0 0 


2 0 0 0 




84 


Oil TO N 


8 0 0 


2 5 0 0 



[0 0 3 4] 

Tin Tic ncmm. (Aiji)(N.c)?^js^o 



